MODELING AND FULL-SCALE TESTING OF AN ASPIRATING FACE SEAL 
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A 36” diameter aspirating face seal for aircraft engine application has undergone extensive 
testing and analysis. Previous testing indicated that the seal tended to seek equilibrium at 
axial rotor clearances that were larger than expected. Parameter studies were conducted 
on several seal design parameters to evaluate effect on seal performance. Mixing of air 
flows from the air dam and air bearing regions of the seal was shown to have a significant 
impact on the seal’s performance. Two methods of minimizing this flow interaction were 
studied both analytically and experimentally. The first method is to reduce the labyrinth 
tooth clearance, thereby limiting flow to the air dam itself. The second method involves 
utilizing a flow deflector between the air dam and air bearing regions of the seal in order 
to prevent radial flow from the air dam from disrupting the formation of a hydrostatic film 
at the air bearing. Both methods were shown to be effective design enhancements, 
allowing seal closure to be achieved. In both cases, the seal seeks an equilibrium position 
0.0015” from the rotor surface, with correspondingly low leakage rates. 
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between air dam and air bearing; deflector found to be damaged upon completion of test 
19. Conclusions 



Aspirating Face Seal Modeling and Full Scale Testing 
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The 36 " Diameter Aspirating Face Seal 
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Non-contact 
All metal design 

Designed for 0.002” film thickness at operating pressure 




The Full Scale Test Rig 
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Test Results 

Static leakage with % of open orifice holes varied - 5 psid 
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• Larger than expected air gap and seal leakage 

• Orifice holes strongly influence seal equilibrium position 

• Larger number of holes yields larger air gap and leakage 
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Pressure Drop (psid) 

Air gap increases with increasing seal differential pressure 
Seal observed closing at 3 psid 





The Axisymmetric Model 




The CFD Model 
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Includes labyrinth tooth, air dam, and hydrostatic air bearing 
Captures effect of discrete orifice holes in air bearing face 





Aspirating Seal Test Results - Static Leakage 
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Test 5 is a repeat of Test 3 



Analytical Results 



NAS A/CP— 2006-2 1 4329/VOL 1 


50 


Radial flow from the dam dominates the flow in air bearing region 
Even at clearance of 0.003", orifice flow is highly localized 
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Base Design Laby clearance 35 mils 


Velocity Vector Plot 
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Base Design With deflector wall 


Surface Static Pressure Plot 

Pressures plotted on the seal surfaces 
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Surface Static Pressure Plot 



NASA/CP— 2i 




Nominal clearance 16 mils 



Aspirating Seal Test Results - Static and Dynamic 
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0.0015” seal/rotor air gap at RPM < 1000 for AP = 20 psid 





Flow Deflector in place between Air Dam and Air Bearing 
0 . 0015 ” seal/rotor air gap for entire range of pressures 




Aspirating Seal Test Results - Static Leaka 
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age to flow deflector discovered upon seal inspection. 



Conclusions 
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